I. INTRODUCTION
Early research on single microstrip patch antennas [ 11 has continually demonstrated poor antenna characteristics. Namely single patches have exhibited narrow bandwidths, wide beamwidths, and low antenna gain. Recent studies [2] have shown that the bandwidth and antenna gain of a single patch can be increased by stacking a parasitic patch on top of a fed patch separated by a dielectric layer. This type of antenna has been called an electromagnetically coupled patch antenna (EMCP). This paper will present the design and results of a microstrip patch antenna receiving array operating in the Ku band. The most obvious application in the Ku band is reception of wide band television images. However, other applications include reception of narrow band data channels and voice channels (telephone and radio). Most of these applications are confined to the band 1 1.7GHz to 12.7GHz. An attempt to improve the gain of the array by introducing parasitic patches on top of the active array will also be presented in this paper.
APPROACH
In the interest of the consumer, the cost of manufacturing and the dimensions of each array will be kept to a minimum. Therefore, all the microstrip antenna elements will be stripline fed enabling each element to share a common ground plane. This will allow all the antenna elements to be fabricated on a single dielectric sheet. The dielectric substrate, separating the ground plane and the antenna patches, has a dielectric constant (Er) of 2.2 and a thickness of 0.05 lcm (20mil). Single rectangular patches will first be fabricated to determine the proper dimensions for a patch operating in the Ku band (1 1.7GHz -12.7GHz).
Once the dimensions of a single patch were determined an 8x8 and 16x1 6 planar arrays were fabricated using duplicates of the aforementioned patch. Each array was first tested without a parasitic patch layer. The E-plane and H-plane patterns were measured using the Far-Field Antenna Testing Range at NASA Lewis. Using an HP85 10 Network Analyzer, the S1 1 parameter versus frequency was measured and the percent bandwidth for each array was determined from these measurements (where S11 < -lOdB). Once these tests were made, parasitic patches were introduced for each array and investigations were made on the effects they have on antenna gain. An estimate of either array's antenna gain can be made by comparing to the gain of a standard gain hom.
RESULTS
Tests showed that, for the dielectric substrate used (Er = 2.2, thickness = 0.051cm), the best dimensions for a patch operating within the Ku band are width = 1.26cm (498mil) and length = 0.843cm (332mil). Preliminary tests were then made on different feed networks, such as Wilkinson power dividers and multisection matching transformers, to decide how each patch in an array was going to be excited. It was eventually determined that the patches in each array would be fed with a simple parallel feed network, normalized to 50Q using one 70.752 quarter wave transformer (figure 1). With the characteristic impedance of each feed line equal to 5052 the appropriate depth to length ratio and gap dimension were investigated in order to match the line with the patch at the design frequency. The values that produced the best match were gap = 0.025cm (10mil) and depwlength = 0.27 (figure 2). Each array was chosen to have an interelement spacing of 1.65cm (650mil) in the E-plane and 1.91cm (750mil) in the H-plane. Including the extra material used for support the 8x8 array measured 18cm x 15cm x 1.3cm and the 16x16 array measured 45cm x 30cm x 2.5cm. When the addition of parasitic layers was made the third dimension for each array was increased, at most, by 1.3cm. The E-plane and H-plane measurements for the 8x8 array are shown in figures 3a and 3b. The patterns for the 16x16 array are shown in figures 4a and 4b. Each measured pattern is shown with respect to the theoretical pattern predicted by David Pozar's program PCAAD. Results showed for the 8x8 array a 3dB beamwidth around 15" and an antenna gain around 22.5dB and for the 16x16 array a 3dB beamwidth about 8" and an estimated antenna gain roughly 26dB. The gain of the 16x16 array seems somewhat discouraging considering that the number of elements were quadrupled (+6dB). However, the photoetching equipment available at NASA Lewis was incapable of etching any circuit board larger than 18cm x 1 8cm. Therefore, four 8x8 sub-arrays were separately etched and fed by an external microstrip feed network. The network shared the same ground plane as the patches and fed the sub-arrays via an aperture coupled transition with a transmission loss close to 2dB. Finally, from the S parameter measurements, the 8x8 and 16x16 arrays both exhibited an operating bandwidth of roughly 1.3% at 12GHz. The measured characteristics of the 8x8 array presented here were very similar to the results of the 8x8 array, operating at 35GHz, designed by Andrew A. Efanov and Hartwig W. Thim [3] . The H-plane patterns and peak antenna gain (~22dB) of both arrays were almost identical. However, the bandwidth of their array was larger (= 4%) possibly due to the different feed structure they used which was similar to a multisection transformer.
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Results for two 8x8 EMCP arrays, one with a spacing of 1.27cm (500mil) and another with 0.953cm (375mil) separation, are given in figures 5a and 5b. For an 8x8 EMCP array with 1.27cm spacing the antenna gain was increased by 1dB with a first sidelobe suppression greater than 3dB over the 8x8 non-EMCP array. Results for the two 16x16 EMCP arrays, using the same spacings, showed no increase in gain over the standard non-EMCP array and are not included here. However, the dielectric spacers available only came in 1/8inch (0.3 18cm) thick sheets allowing for only 1.27cm and 0.953cm spacings to be tested. Therefore, according to [2] , many more spacings should be tried before a conclusion can be made about the effects parasitic patches have on antenna gain for a 16x16 array. 
